Abstract. With the complexity of the decision environment problem and difference of decision makers' cultural and knowledge background, actual multi-attribute group decision making (MAGDM) problems are usually with different linguistic term sets under both probabilistic and fuzzy uncertainties. In this paper, a new method of group decision making based on the fuzzy evidential reasoning (FER) algorithm is proposed to deal with MAGDM problems with the information above. Firstly, the concept of fuzzy frame of discernment is presented, which can express the information with different linguistic term sets under both probabilistic and fuzzy uncertainties. Secondly, a uniform method of different fuzzy frames of discernment is proposed, and the assessment information given by decision makers is integrated by the fuzzy evidential reasoning algorithm on the common frame of discernment. Thirdly, the fuzzy utilities are calculated and used to rank all decision alternatives. Finally, an example is given to show the feasibility and validity of this method.
Introduction
With the increasing complexity of the socio-economic environment, experts usually express their opinions by linguistic terms while linguistic modelling is an effective tool for collecting and storing the experts' information [1] . Most of the traditional proposals for solving Multi-Attribute Group Decision-Making (MAGDM) problems with linguistic information found in the literature focus on cases where the information provided by experts is represented in a single linguistic term set [2] [3] [4] [5] . However, for some decision-making problems with high uncertainty and impreciseness or due to the lack of knowledge, DMs may express their evaluation using linguistic terms from different linguistic term sets with hesitancy and uncertainty.
Rodriguez, Martinez & Herrera [6] pioneered the concept of hesitant fuzzy linguistic term set (HFLTS), which consists of several consecutive, ordered and finite linguistic terms on a given linguistic term set (LTS). HFLTSs can effectively and flexibly capture DMs' hesitancy in expressing comparative linguistic assessments. Wei et al. [7] defined the operations on HFLTSs, and presented some new linguistic aggregation operators for fusing HFLTSs. Beg and Rashid et al. [8] proposed a method to aggregate the opinions provided by the DMs on different criteria, where the opinions take the form of HFLTSs. To make a better use of HFLTSs in MADM, Zhu and Xu [9] put forward hesitant fuzzy linguistic preference relations (HFLPRs) and defined some consistency measures for HFLPRs. Lots of research has been done on the GDM problems based on HFLTSs and amounts of reliable and interesting results has been provided. Because the HFLTSs neglect the importance degree of each possible LT, there is an assumption that all possible LTs have the same weight which is unrealistic in real decision-making. Actually, DMs have different preference about several possible LTs so that they should have different weights. Based on this, Pang et al. [10] firstly proposed the probabilistic LT sets (PLTSs), which are composed of possible LTs and their corresponding probabilities. Compared with other representation approaches to modeling linguistic information, PLTSs not only allow DMs to provide several possible LTSs accompanied with probabilistic information over an alternative or object, but also can deal with the partially incomplete assessments [11] . Liu et al. [12] gave some mean operators for probabilistic linguistic term sets.
As shown above, plenty of studies have been conducted to deal with the linguistic MAGDM problems, and the previous studies have significantly advanced the field. However, few research studies have considered the MAGDM problems with different linguistic term sets under both probabilistic and fuzzy uncertainties. For instance, in a MAGDM problem of selecting R&D projects, some experts are willing to use a probabilistic fuzzy linguistic term set with four terms while others prefer to use another one with five terms. Due to the wide existence of such problems in the real world, it is necessary to develop new decision analysis method to solve MAGDM problems with different linguistic term sets under both probabilistic and fuzzy uncertainties, which is also the motivation of this study. The rest of this paper is organized as follows. In the next section, the MAGDM problem of different probabilistic linguistic assessment information is described. In Section 3, the method and process to solve MAGDM problems with different linguistic term sets under both probabilistic and fuzzy uncertainties is established. Section 4 presents an investment selection problem using fuzzy and incomplete assessment information to show the detailed implementation process of the proposed method and its validity and wide applicability. Finally, we conclude this paper in Section 5.
Description of the MAGDM Problem with Assessment Information in Different Probabilistic Linguistic Term Sets
be a finite set of alternatives,
be the set of attributes,
R  be the set of decision makers (or experts). The weight vector of attributes and the decision makers are denoted by In the decision making process, each decision maker gives his evaluation on each alternative with regard to the attributes. We also assume that the decision makers use different linguistic terms with both probabilistic and fuzzy uncertainties to express their evaluation, and the linguistic term set of the rth decision maker is { ,( 1, 2, , )}, With a view to managing the information we must make it uniform, i.e., the multi-granularity linguistic information with belief structure provided by all the sources must be transformed (under a transformation function) into a uniformed linguistic frame of discernment, called the basic linguistic frame of discernment (BLFD).
Before defining a transformation function to this BLFD, we have to decide how to choose BLFD. A method looking for a BLFD with the maximum granularity was proposed as follows, which consider two possibilities:
(1) When there is only one frame of discernment with the maximum granularity, then, it is chosen as BLFD.
(2) If we have two or more linguistic frames of discernment with maximum granularity, then BLFD is chosen depending on the semantics of these linguistic term frames of discernment, finding two possible situations to establish BLFD: a) If all the linguistic term sets have the same semantics, then BLFD is any of them. b) There are some linguistic term sets with different semantics. Then, BLFD is a basic linguistic term set with a larger number of terms than the number of terms that a person is able to discriminate. Then the information V needs transform to the BLFD with belief structure (i.e. S ), which can uniform the multi-granularity linguistic assessment information with belief structure. We propose the following two steps for developing the decision process. Firstly, the fuzzy linguistic frames of discernment are transformed to the BLFD, and then the beliefs under fuzzy linguistic frames of discernment are transformed to the beliefs under BLFD. The transformation functions are defined as follows: 

, that is to say, the information quantity keeps invariant in the transformation process. Therefore, the multi-granularity linguistic assessment information with belief structure by the jth information source on alternative i A can be expressed on the BLFD with belief structure as follows:
The Aggregation Method of Multiple Pieces of Information Based on Fuzzy Evidential Reasoning Algorithm
The traditional aggregation method of multiple pieces of information based on the evidence theory is the Dempster's rule or the Evidential Reasoning (ER) algorithm [13] . However, they both assume that the information sources are independent and the linguistic terms are crisp. In this paper, a linguistic term may represent a vague or fuzzy concept or standard and there may be no clear cut between the meanings of two adjacent terms. For the above reasons, the fuzzy evidential reasoning (FER) algorithm proposed by Yang is introduced [14] . Suppose fuzzy linguistic terms of the discernment frame { } ( 1, 2, , ) n H n N  are dependent on each other, which may be either triangular or trapezoidal fuzzy sets or their combinations. Assuming that only two adjacent fuzzy linguistic terms may intersect, we denote by Fig. 1 ). The following analytical fuzzy ER algorithm fuzzy evidential reasoning (FER) algorithm can be used to aggregate the multiple pieces of information mentioned above [14] .
,, ( ) ( ) 
where , 1 1 max
The ignorance caused by weights of evidences will be normalized by the following formulae, and then we can get the beliefs of linguistic terms on alternative i A . A has gotten as formula (17). 
The Ranking Method of Alternatives Based on Fuzzy Utilities
Utility reflects a decision maker (DM)'s preferences for various values of a variable and measures the relative strength of desirability that the DM has for those values. A function that reflects the DM's preferences is referred to as a utility function. In crisp MADA, utilities corresponding to crisp assessment grades can be represented by singleton numerical values. In fuzzy MADA, however, utilities corresponding to fuzzy linguistic terms can no longer be represented by singleton numerical values because the linguistic terms are fuzzy sets. A fuzzy linguistic term utility should have the same form as its corresponding fuzzy assessment grade. That is to say, if a fuzzy assessment grade is a triangular fuzzy number, its corresponding fuzzy grade utility should also be a triangular fuzzy number, and if a fuzzy assessment grade is a trapezoidal fuzzy number, its corresponding fuzzy utility will also be a trapezoidal fuzzy number. To compare and rank fuzzy utilities, the gravity center of fuzzy number is introduced and the utility ( A A A A That is to say, the food company 2 A is the best option to invest.
Conclusion
In this paper, we focus on dealing with MAGDM problems with different linguistic terms under both probabilistic and fuzzy uncertainties. In the proposed method, the concept of fuzzy linguistic frame of discernment was defined, and the different linguistic terms sets are treated as some different linguistic frames. And then the information under different linguistic frames was uniformed to the BLFD and the group's collective evaluation value can be obtained by fuzzy evidential reasoning algorithm. After that, fuzzy utilities are calculated and used to rank all decision alternatives. Although the illustrative example shown in this paper is for investment selection problems, it can also be applied to deal with other practical problems, such as supplier selection, enterprise performance evaluation and site selection problems.
